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Abstract: In the present study, we investigated the histological, immunohistochemical and ultrastructural characteris-
tics of cytoplasmic blood plasma inclusions that spontaneously occurred in a rat liver. Histologically, a number of cyto-
plasmic inclusions were observed in the liver of an 8-week-old female SD rat. These inclusions were strongly positive 
for PAS staining and resistant to diastase digestion. Immunohistochemical analyses revealed that these inclusions were 
positive for albumin and IgG; however, most of them were negative for LAMP-1 and LAMP-2. Ultrastructurally, the 
inclusions were surrounded by limiting membranes and composed of moderately electron dense, homogenous materials. 
These characteristics described here represent valuable information for pathological examination in toxicity studies.
(DOI: 10.1293/tox.24.245; J Toxicol Pathol 2011; 24: 245–249)
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Blood plasma inclusions, resulting from accumulation 
of blood plasma in cells, are known to occur spontaneously 
in the canine liver1. Also, they can be induced in the rat liver 
by partial hepatectomy or by parental administration of al-
bumin, serum, whole blood and other materials2,9. However, 
detailed investigations of these inclusions have rarely been 
reported, especially in the rat. In the present study, we in-
vestigated the histological, immunohistochemical and ul-
trastructural characteristics of cytoplasmic blood plasma 
inclusions that spontaneously occurred in a rat liver.
A female Crl:CD (SD) rat purchased from Charles Riv-
er Laboratories Japan, Inc. (Kanagawa, Japan) was assigned 
to the middle dose group of a 2-week toxicity study and 
euthanized by exsanguination under isoflurane anesthesia 
at 8 weeks of age. Procedures for animal care and housing 
were in compliance with the institutional guidelines for the 
care and use of laboratory animals. Though no abnormali-
ties were observed in general conditions, body weight, food 
consumption, hematology or at necropsy, a blood biochemi-
cal test revealed a slight elevation in AST (161 U/L). The 
present change was judged to be spontaneous because it 
was observed only in this animal and there was no dose-
response relationship.
For routine histopathological examination, most sys-
temic organs and tissues were fixed in 10% neutral buffered 
formalin,  and  paraffin-embedded  sections  were  prepared 
and stained with hematoxylin and eosin (H&E). Sections of 
the liver were also stained by the Oil red-O method, Mas-
son’s trichrome method and periodic acid-Schiff (PAS) 
method with or without diastase digestion. For the Oil red-O 
method, frozen sections of the liver were used. For immuno-
histochemical examination, sections of the liver were sub-
jected to a labeled polymer method using Histofine Simple 
Stain Rat MAX-PO (MULTI) (Nichirei Biosciences Inc., 
Tokyo, Japan). Table 1 shows the primary antibodies used 
in this study. For the normal and phospholipidosis-affected 
rat liver samples, archival paraffin-embedded tissue blocks 
were utilized from another toxicity study. Phospholipidosis 
was confirmed ultrastructurally. For electron microscopic 
examination, small pieces of the liver fixed in neutral buff-
ered  10%  formalin  were  refixed  in  2.5%  glutaraldehyde, 
postfixed in 1% osmium tetroxide and routinely embedded 
in Epon resin. Ultrathin sections of the selected areas were 
prepared, contrasted with hafnium chloride and lead citrate 
and examined using a Hitachi 7600 transmission electron 
microscope (Hitachi High-Technologies Corporation, To-
kyo, Japan).
Histologically, a number of cytoplasmic inclusions 
were found in the hepatocytes mainly in the centrilobular 
zone of the subcapsular area (Fig. 1A). In addition, cytoplas-
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mic vacuoles were seen in the same region. Slight centri-
lobular fibrosis was also observed (Fig. 1B). Inclusions were 
round, measuring less than 20 µm in diameter, clearly de-
limited and stained homogenously eosinophilic. Generally, 
they were observed in a cluster and scattered in cytoplasm.     
They were strongly positive for PAS staining and resistant 
to diastase digestion (Figs. 1C, 1D) and were negative for 
Oil red O-staining (data not shown). On the other hand, the 
vacuoles were less than 20 µm in diameter and observed 
solitarily in each hepatocyte. On average, the vacuoles were 
larger than inclusions. They were located adjacent to the nu-
cleus and frequently invaginated into it. Also, the vacuoles 
were negative for both PAS staining and Oil red O-staining 
(Fig. 1D). No abnormality was observed in other tissues his-
topathologically examined.
Immunohistochemical analyses revealed that these in-
clusions were positive for albumin (Fig. 2A) and IgG (Fig. 
2B). Most of the inclusions were negative for LAMP-1 (Fig. 
2C) and LAMP-2 (Fig. 2D), though some were very weakly 
positive for LAMP-2. By contrast, phospholipidosis-affect-
Fig. 1.  Histological findings of the liver. A number of cytoplasmic inclusions (arrows) and cytoplasmic vacuoles (arrow-
heads) were found in the hepatocytes (A). H.E. stain. Bar=50 µm. Inset: Higher magnification of a hepatocyte with 
inclusions and a vacuole. Bar=20 µm. Also, slight centrilobular fibrosis was seen (B). Masson’s trichrome staining. 
Bar=70 µm. These inclusions (arrows) were strongly positive for PAS staining with diastase digestion and mainly 
seen in the centrilobular zone of the subcapsular area (C and D). On the other hand, the vacuoles (arrowheads) were 
negative for PAS staining (D). Bars=100 µm (C) and 50 µm (D). Inset: Higher magnification of a hepatocyte with 
inclusions and a vacuole. Bar=20 µm.
Table 1.  Antibodies Used in This Study
Antibody Product number Antigen species Dilution Antigen retrieval a Source b
Albumin A0001 Human  1:1000 Heat Dako
IgG ab6703  Rat 1:200 Proteinase K Abcam
LAMP-1 ab24170 Human 1:200 Heat Abcam
LAMP-2 L0668 Mouse 1:100 Heat Sigma-Aldrich
a Heat: pressure cooker/citrate buffer (pH 6.0), 10 minutes. Proteinase K: 0.4 mg/mL, room temperature, 5 
minutes.  b Dako, Glostrup, Denmark; Abcam, Cambridge, England; Sigma-Aldrich, St. Louis, MO, USA.Tochitani, Toyosawa, Matsumoto et al. 247
Fig. 2.  Immunohistochemical findings of the liver. Inclusions (arrows) were positive for albumin (A) and IgG (B). Most of the inclusions were 
negative for LAMP-1 (C) and LAMP-2 (D), though some were very weakly positive for LAMP-2 (D, arrow). Some of the cytoplasmic 
vacuoles (A and B, arrowheads) were also positive for albumin and IgG. Also, some smaller vacuoles were positive for LAMP-2 (D, ar-
rowheads). Phospholipidosis-affected rat hepatocytes, which were filled with phospholipid-containing lysosomes, were strongly positive 
for both LAMP-1 (E) and LAMP-2 (F). LAMP-1-positive granules were barely visible in the normal rat liver (G), while LAMP-2-positive 
granules could be seen even in normal hepatocytes (H). Bars=25 µm.Analyses of Cytoplasmic Blood Plasma Inclusions of Rat 248
ed  rat  hepatocytes,  which  were  filled  with  phospholipid-
containing lysosomes and used as a positive control, were 
strongly positive for both LAMP-1 (Fig. 2E) and LAMP-2 
(Fig. 2F). LAMP-1-positive granules were barely visible in 
the normal rat liver (Fig. 2G), while LAMP-2-positive gran-
ules could be seen even in normal hepatocytes (Fig. 2H). 
Some of the cytoplasmic vacuoles were also positive for al-
bumin and IgG (Figs. 2A and 2B). Moreover, some smaller 
vacuoles were positive for LAMP-2 (Fig. 2D).
Ultrastructurally, the inclusions were surrounded by 
limiting membranes and composed of moderately electron 
dense, homogenous materials (Fig. 3). On the other hand, 
the vacuoles did not have obvious membranes and were 
filled with electron lucent, flocculent materials. Also, some 
inclusions and vacuoles contained debris of unknown origin 
(Figs. 3A, 3C). Thus, these inclusions were judged to be in-
tracytoplasmic blood plasma inclusions.
In the rat liver, other structures such as mallory bod-
ies and giant mitochondria are also observed as eosinophilic 
cytoplasmic inclusions. Mallory bodies are suggested to 
result from condensation or collapse of intermediate fila-
ments4, and ultrastructurally they are composed of fibrous 
materials3, unlike the present case. Giant mitochondria are 
negative for PAS staining, and their double membranes and 
cristae can be observed in ultrastructural analysis8. More-
over, none of the common rat viruses are associated with 
hepatocytic intracytoplasmic inclusions5.
The histological aspects of blood plasma inclusions in 
this study were comparable to those of a published case1. 
Also, as previously reported2,9, the inclusions were strongly 
positive for PAS staining with diastase digestion and nega-
tive for Oil-red O, and immunohistochemistry revealed that 
they contained a blood plasma component. Blood plasma 
inclusions are thought to be caused by disturbance in blood 
flow, such as an increase in intrasinusoidal pressure1. In the 
present case, though the precise mechanism of formation of 
inclusions was uncertain, the subcapsular distribution of in-
clusions and finding of centrilobular fibrosis suggested that 
Fig. 3.  Ultrastructural findings. Gross appearance of a he-
patocyte with inclusion and vacuoles (A) and higher 
magnification (B). Vacuoles were located adjacent to 
the nucleus and invaginated into it. The inclusions 
(white arrows) were surrounded by limiting mem-
branes and composed of moderately electron dense, 
homogenous materials. On the other hand, the vacu-
oles (arrowheads) did not have obvious membranes 
and were filled with electron lucent, flocculent ma-
terials. Some vacuoles (A) and inclusions (C) con-
tained debris of unknown origin (black arrows). 
Bars=2 µm (A), 0.5 µm (B) and 1 µm (C).Tochitani, Toyosawa, Matsumoto et al. 249
they also occurred in a context of poor peripheral circula-
tion7. Also, the mechanism of AST elevation observed in 
this animal was not clear.
In this study, cytoplasmic vacuoles that were free of fat 
or glycogen were observed adjacent to inclusions. Similar 
vacuoles have been reported in the rat liver and have been 
suggested to be caused by anoxia10. Considering that these 
vacuoles also contained a blood plasma component, it is 
possible that they were formed by the same mechanism as 
the inclusions. However, the relationship between these two 
structures was uncertain, since the transition between them 
was not clearly seen.
Anderson et al. suggested a relationship between blood 
plasma inclusions and lysosomes on the basis of their his-
tochemical reaction to acid phosphatase2, but we could not 
elucidate this possibility because most inclusions in the 
present study were negative for LAMP-1 and LAMP-2, nov-
el lysosome markers6. However, the ultrastractural charac-
teristics of the inclusions were similar to those of lysosomes, 
and some of the inclusions and vacuoles were positive for 
LAMP-2, suggesting some involvement of lysosomes. So, 
further research will be needed to clarify the role of lyso-
somes in the development of these inclusions and vacuoles.
Here, we described the detailed characteristics of blood 
plasma inclusions that spontaneously occurred in a rat liver. 
This will provide valuable information for pathological ex-
amination in toxicity studies.
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